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(54) STEEL MATERIAL EXCELLENT IN TEMPER EMBRITTLEMENT RESISTANCE AND 
ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To improve temper embrittlement at hot working for a low alloy steel of specific 
composition by subjecting this steel to secondary deoxidizing refining succeeding slight- 
degree deoxidation and then adding REM, Y, and Zr and forming their solid solutions. 
CONSTITUTION: At the time of tapping a molten steel, having a composition containing, by 
weight, 0.02-0.40% C, 0.01-0.60% Si, 0.30-2.0% Mn, <0.025% P, ^0.010% S, <:0.0060% N, 
and <0.003% O and containing one or ^2 kinds among specific weight percentages of Cu, Ni, 
Cr, Mo, W, Nb, V, B, and Ta, from a steelmaking furnace, slight-degree deoxidizing treatment 
is done by adding Si, Mn, etc. Successively, at the time of secondary refining, secondary 
deoxidizing refining is done by the addition of Al, Ca, Ti, etc., and then adding one or >2 kinds 
among REM, Y, and Zn by 5-200ppm to form the solid solutions of them by 1-50ppm in the 
steel material. By this method, the material can be prevented from embrittling at the time of 
subjecting a steel stock, prepared by hot-rolling a slab of this steel, to working into various 
structure and to tempering treatment and also during use of these structures at high temp. 
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CLAIMS 



[Claim(s)] 

[Claim 1] By weight %, C:0.02 - 0.40%, Si:0.01-0.60%, Mn: 0.30-2.0%, P<=0.025%, S<=0.010%, They 
are the steel materials which contained N<=0.0060% and O<=0.0035%, contained REM:5-200ppm, 
Y: 5-200 ppm and Zr:5-200 ppm % of a kind or, and two sorts or more further, and were excellent in the 
tempering-proof brittleness characterized by the remainder consisting of Fe and an unescapable 
impurity. 

[Claim 2] The steel materials excellent in the tempering-proof brittleness according to claim 1 
characterized by containing a kind (aluminumiO.0 10-0.20%, Ti:0.005-0.08%, and calcium:0.001-0.05%) 
or two sorts or more, and dissolution REM:l-50ppm, Y:l-50 ppm of dissolution, a dissolution Zr:l- 
50ppm kind, or two sorts or more existing in the state of dissolution in steel by weight %. 
[Claim 3] The steel materials excellent in the tempering-proof brittleness according to claim 1 or 2 
characterized by containing a kind (Cu:0.05-2.0% and nickel: 0.05 -10.0%) or two sorts and/or Cr:0.05- 
10.0%, Mo:0.05-2.0%, W:0.05 - 3.0%, Nb:0.005-0.10%, and V:0.01 - 0.40% of a kind or two sorts or 
more, and/or B:3-30 ppm by weight %. 

[Claim 4] The steel materials excellent in tempering-proof brittleness given in claims 1 and 2 
characterized by containing Ta:0.005-0.40% by weight %, or any 1 term of 3. 

[Claim 5] It faces manufacturing the steel which has the component of a publication in claims 2 and 3 or 
any 1 term of 4. By secondary refining which follows ****** this deoxidation [ weak ] immediately 
after the weak deoxidation which adds Si or Mn at the time of tapping, or the weak deoxidation which 
adds a part of aluminum, aluminum, The manufacture approach of steel materials excellent in the 
tempering-proof brittleness characterized by adding a kind of REM, Y, and Zr, or two sorts or more after 
adding a kind of Ti and calcium, or two sorts or more, and carrying out hot working after casting. 



[Translation done.] 
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Petailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to low alloy steel excellent in tempering-proof brittleness, 
and its manufacture approach. It is related with control of embrittlement during the embrittlement by the 
postweld heat treatment at the time of steel-materials processing to the structures, such as the 
embrittlement at the time of heat treatment of the low alloy steel manufactured by rolling, forging, and 
casting in detail and a pressurized container using the steel materials, a chemistry container, a bridge, a 
machine part, and the offshore structure, (and annealing of bending workpiece, stress relieving 
annealing, etc.), or the use at the time of elevated-temperature use. 
[0002] 

[Description of the Prior Art] According to the advance of chemical technology, the chemical reaction 
container, the pressurized container, etc. are what also has the still severer environment which tends to 
be enlarged gradually and used in recent years. Therefore, the actual condition is that the demand to the 
property required of steel materials and control of tempering brittleness above all becomes very severe 
by long-duration-izing of the postweld heat treatment (stress relieving annealing) accompanying heavy- 
gage-izing of steel materials, and elevated-temperature-ization of service temperature, and the cure is 
difficult. 

[0003] As a Prior art which controls tempering brittleness and hydrogen embrittlement, JP,55-91962,A, 
JP,56-58952,A, and JP,57-29553,A have the proposal of a publication. Moreover, as a conventional 
technique which adds Dissolution REM, Dissolution Y, and Dissolution Zr, there is a proposal by 
Japanese Patent Application No. No. 198830 [ six to ]. A proposal given in JP,55-91962,A makes nickel 
system heat treated steel contain dissolution metallic aluminum 0.15% or more, and aims at an 
improvement a tempering-proof brittle one and brittle [ waterproof] by the site competition of Si and 
Dissolution aluminum in a grain boundary. 

[0004] A proposal given in JP,56-58952,A improves tempering-proof brittleness by making the low 
alloy steel of a specific component contain the amount of limitation more than the amount consumed by 
the inside S of steel of Zr or calcium. A proposal given in JP,57-29553,A improves tempering-proof 
brittleness by making the low alloy steel of a specific component contain 20-100 ppm of calcium. 
[0005] By adding REM, Y, or Zr to the low alloy steel of a specific component, and limiting those 
amounts of dissolution to it, the proposal in Japanese Patent Application No. No. 198830 [ six to ] 
controls generating of a hydrogen nature defect, and improves the internal quality of steel materials. 
[0006] 

[Problem(s) to be Solved by the Invention] The publication which improves tempering brittleness does 
not have about [ that publication that the tempering brittleness of nickel system heat treated steel is 
improved by dissolution metallic aluminum does not have the indication of the technique about REM Y, 
and Zr of a certain thing ], Dissolution REM, Dissolution Y, and Dissolution Zr in JP,55-91962,A. 
Therefore, the technical thought which solves said technical problem is not contained at all, but the 
actual condition is that said technical problem is left as it is. 

[0007] Although JP,56-58952,A has the publication by which the tempering-proof brittleness of low 
alloy steel is improved with the amount of limitation more than the amount consumed by the inside S of 
steel of Zr or calcium, the thought which compensates consumption of Zr by O and N also about about 
[ that there is no indication of the technique about REM and Y ] and Zr is missing, and there is no 
publication that Dissolution REM, Dissolution Y, and Dissolution Zr improve the tempering-proof 
brittleness of low alloy steel. Therefore, the technical thought which solves said technical problem is not 
contained at all, but the actual condition is that said technical problem is left as it is. 
[0008] The publication which improves tempering-proof brittleness does not have about [ that the 
publication by which the tempering-proof brittleness of low alloy steel is improved by calcium does not 
have the indication of the technique about REM, Y, and Zr of a certain thing ], Dissolution REM, 
Dissolution Y, and Dissolution Zr in JP,57-29553,A. Therefore, the technical thought which solves said 
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technical problem is not contained at all, but the actual condition is that said technical problem is left as 
it is. 

[0009] The publication by which the internal division quality of low alloy steel is improved by Japanese 
Patent Application No. No. 198830 [ six to ] with the amount of limitation more than the amount 
consumed by the inside S, O, and N of the steel of REM, Y, and Zr A certain thing, About [ that there is 
no indication of the technique about tempering-proof brittleness ], REM, Y, The thought by which there 
is no limitation of O and N which compensate consumption by O and N also about consumption of Zr in 
a claim, and it controls the amount of dissolution strictly is inadequate, and there is no publication to 
which Dissolution REM, Dissolution Y, and Dissolution Zr improve the tempering-proof brittleness of 
low alloy steel. Therefore, the technical thought which solves said technical problem is not contained at 
all, but the actual condition is that said technical problem is left as it is. 

[0010] This invention aims at easing the component constraint of impurities, such as P, or Si about 
tempering brittleness further, and enlarging the degree of freedom of a component design while it 
improves sharply the tempering-proof brittleness and the hydrogen embrittlement-proof in the above 
mentioned low alloy steel. 
[0011] 

[A means to solve invention] When this invention person etc. investigated minutely about the tempering 
brittleness of low alloy steel, the amount of dissolution of REM, Y, and Zr and tempering-proof 
brittleness which dissolve in steel newly came to carry out the knowledge of also improving hydrogen 
embrittlement while having very close relation. The place made into the summary of this invention is as 
follows. 

[0012] By weight %, (1) C:0.02 - 0.40%, Si:0.01-0.60%, Mn: 0.30-2.0%, P<=0.025%, S<=0.010%, 
They are the steel materials which contained N<=0.0060% and O<=0.0035%, contained REM:5- 
200ppm, Y:5-200 ppm and Zr:5-200 ppm % of a kind or, and two sorts or more further, and were 
excellent in the tempering-proof brittleness characterized by the remainder consisting of Fe and an 
unescapable impurity. 

[0013] (2) The steel materials excellent in the tempering-proof brittleness of the preceding clause 1 
publication characterized by containing a kind (aluminum:0.010-0.20%, Ti:0.005-0.08%, and 
calcium:0.00 1-0.05%) or two sorts or more, and dissolution REM:l-50ppm, Y:l-50 ppm of dissolution, 
a dissolution Zr:l-50ppm kind, or two sorts or more existing in the state of dissolution in steel by weight 
%. 

[0014] (3) The steel materials excellent in tempering-proof brittleness the preceding clause 1 
characterized by containing a kind (Cu:0.05-2.0% and nickel:0.05-10.0%) or two sorts and/or Cr:0.05- 
10.0%, Mo:0.05-2.0%, W:0.05 - 3.0%, Nb:0.005-0.10%, and V:0.01 - 0.40% of a kind or two sorts or 
more, and/or B:3-30 ppm by weight %, or given in two. 

[0015] (4) The steel materials excellent in tempering-proof brittleness given in the preceding clauses 1 
and 2 characterized by containing Ta:0.005-0.40% by weight %, or any 1 term of 3. 
(5) Face manufacturing the steel which has the component of a publication in the preceding clauses 2 
and 3 or any 1 term of 4. By secondary refining which follows ****** this deoxidation [ weak ] 
immediately after the weak deoxidation which adds Si or Mn at the time of tapping, or the weak 
deoxidation which adds a part of aluminum, aluminum, The manufacture approach of steel materials 
excellent in the tempering-proof brittleness characterized by adding a kind of REM, Y, and Zr, or two 
sorts or more after adding a kind of Ti and calcium, or two sorts or more, and carrying out hot working 
after casting. 
[0016] 

[Function] When this invention person etc. investigated minutely about the effect of tempering 
brittleness of low alloy steel, it found out having close relation depending on the class of chemical entity 
between the tempering-proof brittleness of an existence condition and low alloy steel and the hydrogen 
embrittlement-proof in steel. Namely, although the rare metal X centering on a lanthanoids system forms 
a strong nitride, a sulfide, and an oxide in steel by the Fe-P-X system (X:REM, and Y and Zr are pointed 
out) P centering on Dissolution X and P when it is dissolving in the metallic condition in steel, As a 
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result of an interaction's working among impurities, such as As and Sb, and controlling the grain 
boundary segregation of these impurities, while improving remarkably the tempering-proof brittleness of 
low alloy steel, and hydrogen embrittlement-proof Conversely, when considering as comparable 
tempering brittleness, the knowledge of becoming possible to ease component constraint of impurities, 
such as P, As, and Sb, or Si was carried out. 

[0017] Here, the amount of dissolution of the metallic condition in the steel of a Fe-P-X system rare 
metal is based on (1) type. 

Dissolution X= total X-XasX oxide-XasX nitride-XasX sulfide (Oxy sulphide is included) (1) 
This invention is explained below at a detail. 

[0018] C was not satisfied with less than 0.02% of reinforcement, and in order to spoil base material 
toughness by ** 0.40%, it limited with 0.02 - 0.40%. When weldability is needed, 0.02 - 0.20% is 
desirable. Si was required 0.01% or more on deoxidation, and in order to spoil toughness (a base 
material, joint) by ** 0.60%, it limited with 0.01 - 0.60%. When the demand of tempering-proof 
brittleness is severe, restraining to 0.01 - 0.20% is desirable. 

[0019] Mn was required 0.30% or more on reinforcement, and in order to spoil low-temperature 
toughness and weldability by ** 2.0%, it limited with 0.30 - 2.0%. N is limited, and the more impurities, 
such as P, S, N, and O, are low, the more, it is desirable, and O is limited [ P ] for S to 0.0035% or less 
0.0060% or less 0.01% or less 0.025% or less, especially — after a rare metal's hot-rolling — a Fe-P-X 
system - the inside of steel — meta — in order to dissolve in the condition [ ******** ] 5 s and O are so 
desirable that they are low, and 0.0020% or less of O is [ S ] desirable 0.005% or less. 
[0020] REM set to 5 ppm or more, in order to secure the 1 ppm or more of the amounts of dissolution 
REM, and by 200 ppm **, in order to spoil the welding reactivity of cleanliness or a weld metal by 
inclusion, it was limited to 5-200 ppm. In addition, although REM has compounded them by the generic 
name of lanthanoidses, such as La and Ce, even if it carries out independent addition of La or the Ce, the 
effectiveness does not change at all. 

[0021] Y set to 5 ppm or more, in order to secure the 1 ppm or more of the amounts of dissolution Y, 
and by 200 ppm **, in order to spoil the welding reactivity of cleanliness or a weld metal by inclusion, it 
was limited to 5-200 ppm. Zr set to 5 ppm or more, in order to secure the 1 ppm or more of the amounts 
of dissolution Zr, and by 200 ppm **, in order to spoil the welding reactivity of cleanliness or a weld 
metal by inclusion, it was limited to 5-200 ppm. 

[0022] In order that an interaction might work among impurities, such as P, by the Fe-P-REM system, 1 
ppm or more of dissolution REM were required, and by 50 ppm **, in order to spoil the base material 
toughness by REM carbide, it was limited to 1-50 ppm. In order that an interaction might work among 
impurities, such as P, by the Fe-P-Y system, 1 ppm or more of dissolution Y were required, and by 50 
ppm **, in order to spoil the base material toughness by Y carbide, it was limited to 1-50 ppm. 
[0023] In order that an interaction might work among impurities, such as P, by the Fe-P-Zr system, 1 
ppm or more of dissolution Zr were required, and by 50 ppm **, in order to spoil the base material 
toughness by Zr carbide, it was limited to 1-50 ppm. (1) In order to be stabilized and to secure the 
amount of dissolution of the metallic condition in the steel of the rare metal by the formula, as stated 
previously, impurities, such as S, N, and O, are so desirable that they are low, but if compound addition 
of calcium, Ti, the aluminum, etc. is carried out, it will become much more effective. 
[0024] Although aluminum was an important element on deoxidation, since deoxidation was performed 
by Si and Ti, in order to prevent oxidation of X (rare metal) and to secure effectively 1 ppm or more of 
dissolution X, it considered as 0.010% or more, and in order to spoil the welding reactivity of 
cleanliness or a weld metal by inclusion by ** 0.20%, it limited to 0.010 - 0.20%. calcium considered as 
0.001% or more, in order to form CaS (Oxysulphide is included) and to secure effectively 1 ppm or 
more of dissolution X (rare metal), and in order to spoil the welding reactivity of cleanliness or a weld 
metal by inclusion by ** 0.05%, it was limited to 0.001 - 0.05%. 

[0025] Ti formed TiN at the time of the coagulation of steel, in order to stabilize 1 ppm or more and to 
secure Dissolution X (rare metal), it considered as 0.005% or more, and in order to spoil joint toughness 
by TiC deposit by ** 0.08%, it was limited to 0.005 - 0.08%. According to the application made into the 
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purpose, the component design of the content of C, Si, and Mn is carried out in consideration of board 
thickness from need properties (reinforcement, low-temperature toughness, etc.) by the predetermined 
process (as [ rolling ], heat treatment, or TMCP). Although the quality design of the initial complement 
of Cu, nickel, Cr, Mo, W, Nb, V, and B other than the above-mentioned element is carried out suitably 
and it adds when a property with special elevated-temperature property, weldability, etc. is required, the 
reason for limitation is explained below. 

[0026] Although Cu permuted by C, Si, and Mn for the purpose of Ceq reduction for the improvement 
in low-temperature toughness and it was added 0.05% or more, while hot shortness is promoted by ** 
2.0% and equivalent nickel addition is needed, in order to spoil weldability, it limited to 0.05 - 2.0%. 
Although nickel was permuted by C, Si, and Mn for the purpose of Ceq reduction for the improvement 
in low-temperature toughness and it was added 0.05% or more, since the effectiveness was saturated, 
10.0 super-** was limited to 0.05 - 10.0%. 

[0027] Although Cr was further added 0.05% or more for improvement in a property, such as high 
temperature strength, for the reservation on the strength by the improvement in hardenability, since the 
effectiveness was saturated, 10.0% super-** was limited to 0.05 - 10.0%. Although Mo was added 
0.05% or more by the on-the-strength secured pan by the improvement in hardenability for improvement 
in a property, such as high temperature strength, since the effectiveness was saturated, 2.0% super-** 
was limited to 0.05 - 2.0%. 

[0028] W was required 0.05% or more to improve creep strength, and since the effectiveness was 
saturated, 3.0% super-** was limited to 0.05 - 3.0%. Although added 0.005% or more for the 
improvement in on the strength, and crystal grain control, since weldability and low-temperature 
toughness were spoiled by ** 0.10%, Nb was limited to 0.005 - 0.10%. 

[0029] Although added 0.01% or more for the improvement in on the strength, and the improvement in a 
property of high temperature strength, since weldability and low-temperature toughness deteriorated in 
** 0.40%, V was limited to 0.01 - 0.40%. Although added 0.005% or more for the improvement in on 
the strength, and improvement in high temperature strength, such as a creep, since weldability was 
spoiled by ** 0.40%, Ta was limited to 0.005 - 0.40%. 

[0030] Especially, although it is an element effective in high-intensity-izing of extra-thick steel materials 
and was added by 3 ppm or more for the reservation on the strength by the hardening disposition top, 
since low-temperature toughness deteriorated, B was limited to 3-30 ppm by 30 ppm **. Total X is 
added in steel and the usual hot working, such as forging or rolling, is performed after reheating beyond 
the dissolution temperature of X so that the dissolution X calculated by (1) type may serve as forward 
from O, N, and S which contain Dissolution X (X:REM, Y or Zr) in steel in specified quantity ****. In 
addition, it may not be and any are sufficient, and casting does not have the limit by the existence of 
heat treatment of steel, and the heat treatment approach, either, and that of the limit by the steel ingot or 
continuous casting is good by the general approach. 

[003 1] Furthermore, in order to secure the amount of dissolution by which the rare metal was stabilized 
Although it is desirable to carry out compound addition of aluminum, calcium, Ti, etc. as mentioned 
above, by secondary refining, such as vacuum degassing which follows ****** this deoxidation 
[ weak ] immediately after the weak deoxidation by Si+Mn at the time of tapping, or a part of 
Si+Mn+aluminum, or ladle refinement, aluminum, After adding a kind of Ti and calcium, or two sorts 
or more, if a kind of REM, Y, and Zr or two sorts or more are added, oxide formation of a rare metal 
will be controlled by aluminum, sulfide formation is controlled by calcium, and since the nitridation is 
controlled by Ti, it becomes much more effective. 
[0032] 

[Example] The chemical entity of an example is shown in Table 1 . A-F and K are the examples of this 
invention, and G-I is an example of a comparison. In detail, the example A of this invention is invention 
according to claim 1, and the example B of this invention is invention according to claim 2. Moreover, 
example C-E of this invention is invention according to claim 3 corresponding to claim 2, the example F 
of this invention is invention according to claim 3 corresponding to claim 1, and the example K of this 
invention is invention according to claim 4 corresponding to claim 2. On the other hand, the example G 
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of a comparison and H.I do not have addition of a rare metal, and are an example of a comparison 
corresponding to the examples A, E, and F of this invention, respectively. 

[0033] Moreover, the example K of this invention is invention by the manufacture approach according 
to claim 5. That is, since Steel K has added REM after carrying out compound addition of the initial- 
complement whole quantity of aluminum, Ti, and calcium while performing minute amount addition of 
Si aiming at a quality governing, and Mn at the time of RH degasifying which follows the weak 
deoxidation by Si at the time of tapping, and Mn, the amount of dissolution of the rare metal in 
comparison with an addition (yield) is very high rather than other examples of this invention. 
[0034] The quality of the material of an example is shown in Table 2. After ingoting conventionally the 
low alloy steel which has the component of a publication in Table 1 by the well-known approach and 
manufacturing the slab of 200mm thickness, it reheated at 1250 degrees C and rolled out to 50mm 
thickness with thick plate rolling. Then, the tensile test (JIS No. 4) and the impact test (JIS No. 4) were 
performed using the test piece extracted from the thick plate which performed predetermined steel plate 
heat treatment. On the other hand, embrittlement processing performed stress relieving annealing (SR) 
of 45 hours to Steel A, B, and G at 450 degrees C, and postweld heat treatment (PWHT) of 1000 hours 
was performed to steel C-F, K, and H-I at 480 degrees C. 

[0035] The impact test (JIS No. 4) and the hydrogen embrittlement trial (WOL) were performed using 
the test piece extracted from the steel plate which performed these embrittlement processings. If it 
restrains from Table 2 to Si<=0.020% while this invention steel is extremely excellent in whenever 
[ embrittlement / in / from comparison steel / an impact test ] (deltaFATT) with 1/2 or less, 
embrittlement will not be accepted at all. Furthermore, it turns out that the hydrogen embrittlement- 
proof (K1SCC) after performing prolonged PWHT is also excellent. That is, while improving 
deltaFATT and K1SCC by making a rare metal contain in the state of dissolution according to this 
invention, a rare metal can be made to contain in the state of dissolution effectively by carrying out 
compound addition with aluminum, Ti, and calcium. Therefore, according to this invention, while being 
able to improve the tempering-proof brittleness of low alloy steel, and hydrogen embrittlement-proof 
(delayed fracture-proof property), if the same quality level is aimed at, the relaxation of component 
constraint of impurities, such as P, or Si leading to embrittlement will be attained. 
[0036] 
[Table 1] 
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© *t 9R 



\ m 






Y <s MPa 

I O ml u 


T<? MPa 

X O Oil u 


F ATT 


A F ATT 






A 

A 


50mm 


N-SR 


396 


581 


+ 20*C 


15 *C 


- 


4* 


D 


50mm 


N-SR 


378 


526 


- 20*C 


15 *C 


- 


SB 




50mm 


QT 


466 


617 


- 65*C 


10 *C 






r\ 
U 


50mm 


QT 


733 


814 


- 80°C 


10 *C 


- 




1? 


50mm 


QT 


807 


868 


- 100*C 


0 *C 


45 




F 


50mm 


QT 


707 


848 


- 95°C 


20 'C 


- 




K 


50mm 


QT 


781 


885 


- 90'C 


10 'C 


40 


jfc 


G 


50mm 


N-SR 


371 


598 


+ 15°C 


40 *C 






H 


50mm 


QT 


798 


871 


- 105*C 


60 *C 


22 




I 


50mm 


QT 


714 


936 


- 90*C 


50 *C 





. N-SR : 910 rx2Hr -h825 # CX9hr 
QT : 910 'CxlHr +650 "Cxlhr 

mm, fatt :m<t>mm cqt. n-sr©£*) <&®mm^m®m. 

AF ATT ; FATT-FATT 
FATT' : m<t!tm& (PWHT, SR) tZ&\t6mmm&ffiM®W& 

k i sec : m<tm&c!>7kmz ( 1 ^be) ^m^^-xm, 

(Stress Intensity) 

[0038] 

[Effect of the Invention] As explained in full detail above, according to this invention, it sets to the steel 
materials of a Fe-P-X system (rare metals, such as RX:EM, or Y, Zr). P centering on X and P which 
dissolved in steel at supersaturation when X was made to contain in the state of metallic dissolution in 
steel, The result by which an interaction works among impurities, such as As and Sb, and the grain 
boundary segregation of these impurities is controlled among, While becoming possible to be able to 
raise sharply tempering-proof brittleness and hydrogen embrittlement-proof, and to correspond to strict- 
ization of the embrittlement criteria accompanying aggravation of strict-izing of the safety design of the 
large-sized structure, and global environment problems in this way Relaxation of component constraint, 
such as an impurity and Si, is attained to a demand of the same embrittlement criteria. 
[0039] Therefore, since the improvement in dependability of the large-sized structure can bring about 
improvement in time-necessaiy-for-completion-nonprice competitiveness with improvement in saving 
resources and energy-saving-price competitiveness from the first by this invention, this invention can 
say that it is about the thing which has industrially very remarkable economic earnings and which is 
given to the industrial world. 



[Translation done.] 
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(19)0#HftfW (JP) (12) & §fj & $i (A) (U)ttffHfflU»M* 

#W¥8- 193240 

(43)&ffiB Vfig8*P(1996)7 ^30B 



vbUlntCi. 




r I 




O O O QQ /Art 


oOl A 






O O 1 *7 //V/l 

L/Z R f/U4 


A 

A 






00/U4 








OQ fCA 

oo/I>4 


















WfBW -91 178 


17 1) mm A 


UOUOuooob 










(22)tfl«B 


¥l£7^(1995)4m7B 




*sc»fftiBK*W2Ti 6#3# 








msi mm 


(31)«fctfcfe3SS^ 


WBPF6 -285696 






(32)«3fcB 


¥6(1994)1U!18B 






(33)«Jfett±SS 


B# (JP) 


(72) 


mm #s 
























<hW IE 








S*TfrSr*20-l SrB*3S«attc^^aS 














a® m A 





(54) [5bw©*«5] w%mLmiz*ti-ttmtfR.v j tam%& 



(57) 

cswj p. sb. Asm<?mm<7)mmm± 

[flWc] C, S i, Mn, P, S, N, OfrMTf* 
SiKiiVvr, REM. Y. Zr<0-aX«iZaW±Sr5 
~2 0 0 p p m^ttS: 1 £®«ifc-f Littt 
tCfi&iXJtS9«. dO^C^SfcjStTA 1 , T i , C 

EM, fiffigY. E&Z rcO-aX{iZ«W±J 1-5 0 

p p m®®vmx'&&mtz> . z.tib<nmi*mi.zfc 

tTCu, N i , Cr s Mo, W, Nb, V, Ta> B 

IzmiX, Si, Mn, Al<r)-«5(Cj:|,§|Ki^{CA 
1 , T i , Ca<r)-«X«ZaW±5-^nL, KWCR 
EM, Y, Z r W-aXJiratLhiSr^W-S Zt*¥i 
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(2) 



-1 93240 



immi) m&%x\ 

C : 0. 0 2-0. 4 0%, Si : 0. 0 1-0. 60 
%. Mn : 0. 3 0-2. 0%. P^O. 0 2 5%. S 
^0. 010%, NSO. 0060%. O£0. 003 
5%££3rU 

£<S>fc. REM : 5-200 PP m, Y : 5-20 Op 
P mRtfZ r: 5 — 2 0 0 p p m%CD— SX<±ZStLh 

Sa5{iFeatPP^jgW^*^=5rSii:$:«®i:-f 10 

[ffi#«2] M%T\ 

Al : 0. 0 10-0. 2 0%. Ti : 0. 0 05- 
0. 08%&tfCa:0. 00 1-0. 05%0-SX 

Ht§REM : l-50ppm. Ifi§Y : l-50ppm 
8.1MMZ r : 1 - 5 0 p p mO-«X«iZ«m±*^ 

wzmmmx-ttthz t zm.t? msm 1 test 

[f»^«3] M%T\ Cu : 0. 0 5-2. 0%& 20 
N i :0. 05-10. 0 %0-«X(iZS&t//X 
<iCr : 0. 0 5-10. 0%. Mo : 0. 0 5-2. 
0%, W: 0. 0 5-3. 0%, Nb : 0. 0 0 5- 
0. 10%&tfV:0. 0 1-0. 4 0%W-SX(iZ 

mt ?mm i xii2iimcomim LUttts^ 
aw*. 

[»^«43 M%T\ Ta : 0. 005-0. 40 
%££#1-Sdi£^fc-ti)!l!#3il. 2XI230U 

i mzmwmmm tmrnzmrM. 30 

mmzGthmzm&thizi&ix. mmzm 

zmn?immmhizx&mmmz3\m<=L 

fcf&CREM. y. zr<7)~mxu-mv±zm)jai. 
®mmzfmn\\xirz> ztztmt-tz mmm i&mz 

[0001] 40 

imsLbnnsMmi ^wmmmm.immz&ixt:f& 
^&mwz<r)mmimzmthi><nx'hh. nt<a 
e®. mmzx^xmm^ti^^mcomm 
%<vM{ms*(?>Mmm^x<?>Em%. 

izmhwmsmm < m/mf tvmmmL, mti 
m&m) <,z£hm^\mmLm&m.m*mm 
mtozmhi><?)X'hh. 

[0002] 

&*iU¥m<r>mizm\ ft&Kim 50 



a))%%¥$ii.d&iz*mfc2ti&mizbi , x& 
mztimmi>&«&m%h<7nz%^x\,^. t&ix, 
mmzm&ti&m. tmLM&mmznt 
mmmmmmizftommmim (miimm 
&) nmmfc. mi&&<r)m&mzzmtf>xmi< 

*mmtmtiz%^x^h<»w$m.x'bh. 
[ooo3] mmtmit. ^mmmmi-rhmm 
mt Lximmm 5-9196 2^m, ¥sm®5 6 

- 5 8 9 5 2*§r&m. 1ffim5 7 - 2 9 5 5 

tmcommh. x. mm rem. @i§Y. ebsz r 
zmu-tz>mm$ik ixunmf-e - 1 9 8 8 3 0-^ 
tzziimm&. «raiS5 5 - 9 1 9 6 2^&mtm 
amm. n i &mttH£sm* 9 v v ? a 1 & 0 . 1 

5%fcLt&W§-i*\ tt*fc«»t* S i t@j§A 1 io-f 

[ 0 0 0 4 ] HISBB5 6 - 5 8 9 5 24ftffettO&S 
tt, 1*J&a4J^Hft&4iWC, ZrXJiCaO^+SKJ: 

->Ta»s*ift*ja±oi»3ai*«rtfii:*;fcfc:j: o 

W&MLAdtt£K#-f 6 t>0>?* S . ttflPB 5 7-29 
5 5 34&ffra«>tiSli, WJ&fta<0ft£A§BcC a 

± 2 o- 1 o o p p mgqflrse* z t tj: o wmmlis 

[000 5] ^ISW^-l 9 88 30^fcfcttl>tl£ 
T**ife*>fflitt*IRj£**£ t (CJ: O^SftXffiO^ 

4tiwiUTii*r«>rt«Mt*artM'*t«>Tsb*. 

[0006] 

iMum&Li ot-rmm] wms 5-9196 

2^&mzit®®*9 U -y?A 1 KioTN i *MRM 

EM, Y. ZrlCgltSSffi<ora^* ? ^<^V^O 
*\ @j§REM. iBSY. H^Zr*^U»ltt5-Ke 

[0007] #SBi356-58952^l8WiZrX 
«C acoi9*Sfcj:-5Tjl@$aSfttUi^R8Sfi^J: 

(7). REM. YtW^-|,ftffiwra^{i:^<^o(f*>0 
*\ ZrtHLTtO. NtJ:SZr<0jl»^fflflWS 
SvWXiSt-CfcO. fioHiSREM. B?gY. ®}gZ 

<^v\ ftoT. «SEil!H*IRfci-6fiBSS«li^<* 
[0008] ^^5 7-2955 3^f8fc:{iC ate 

too. rem. y. Zri,zmi-&ime)ffl5f#£<% 

»a»*)»* sugREM. ebsy. ®mzrtmtmi 



5/11/2006, EAST Version: 2.0.3.0 
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[00 0 9] ft®¥6- 19 88 3 0^tJ4REM, 
Y, Zr0D8j+S. O. Mz£-?XimZtlh&a±.cr> 

(f*>9*\ REM. Y, ZrcOilgtMLTtO, Nt 
J: HflWi O&tf N ^K5gA«8tfff*<oiEBt 

HigREM, H&Y, mZriffi£&m<rfflimiM 

[0010] *ft$lifreLfcffi6^£&ft6iirttK 
LIMtaWHJWWtWJBcftJi'r * t fc t t , 3 4> 

t^uitt£H*&p*m«trt»s i ammmm 
m,xj8fim<r>&&8&±$<?i>zt&mt-t 
i. 

[00 11] 

m.Lm&z^x&mzm&Liztz>>. mizwm 
■tsREM. y, zr<7)W&&tmmkLwmm#>x 
mmmtthbti* £*sRtt* t saw* i t £ 

TIE?) fcfc 9 

[0012] ( 1 ) C : 0 . 0 2-0 . 4 0 

%, S i : 0. 0 1-0. 60%. Mn : 0. 3 0- 
2. 0%. PS0. 025%. S^0. 010%, NS 
0. 0060%, OS0. 0035%££WU 
t, REM: 5-200ppm, Y: 5— 200ppm 
RVZ r : 5-2 0 0 p p m%cr)-mXUZMO±^ 

[0 0 13] (2) ttt%T\ A 1 : 0. 0 1 0-0. 
2 0%. Ti : 0. 0 0 5-0. 0 8%&tfCa : 0. 
0 0 1-0. 05 %<D-mXltZJmLk£-k% I , ®i§ 
REM : l-50 P pm. @i8Y : l-50ppmRtf 
m®Zr : 1-50PP m^-aXtiZiltJlttfii+t * 
iSX=h-^X-Xas 
xysulphide £-&t?) 

[ 0 0 1 8 ] CliO . 0 2%*MT-tt3£g£«JW\ 
0. 4 0%i@T'li#tt8H4£S&5£*'>tO. 0 2- 

o. 40%tm%.uz. m&&tf<8mb ztx&mza 

0. 0 2-0. 2 0%#W2U>. SmiBffiLhO. 0 
lXJjLbfiWT. 0. 6 0%«Tll»tt 18*) 
£«$r3fctf>fc0. 01-0. 6 0%tmZUz. ®& 
MLMtt^lS^tficU^tU:, 0. 0 1-0. 20% 



Cu : 0. 0 5-2. 0 

o%co-ax(i-aau r 

0%. Mo : 0. 05- 
0%. Nb : 0. 005 



* mmmx'G&tz, z t zmit tim 1 te»o»*i 

RUtttfcWufcMtf. 
[0014] (3)ttft%T, 
%m/N i : 0. 0 5-10. 
/XliCr : 0. 0 5 — 10. 
2. 0%. W: 0. 05-3. 

-0. 10%&tfV:0. 0 1-0. 40%<0-ilXl2 
-m&±£.V/X\£B : 3-3 0ppmS-##tS^t 

zmt -turn i x<i 2 tummm. imttttflyi* 
10 an*. 

[00 15] (4) WA%X\ Ta : 0. 0 0 5-0. 
4 0%^W-tSIt2r^t-Ti.litnll, 2XJ130 

v v«ia» i mzimwMtim inrnzwuzm. 

( 5 ) m2. 3XI44<0V^*»l JHtiE«WJfi»* 
<ttMn*8An?t9ilfflL X»4A 1 O-g&SrgsjDtS 

®mm*£x\i%mm£m&<zmmx'A 

1. Ti, cao-ax(izaw±s-»L^mtRE 
m, y, z r«-ax»4z«a±taaHiu, «Jt»t& 

[00 16] 

xxmt mtzwszmtiri'h z t zm.& ik. 

B|H=>, Fe-P-xm (X : REM, Y, Z rSrflW) 

xnyy? j a m&*bt-r&ih'j?&mxttm$xm 
30 •v?%w&xmmix^&b. ®®xkP*<t»bki-& 

P, As, Sb^^P^t^iafcffiS^ffl^gi^T. 
t, a(cH8«tf5«RLIItti:i-*«*fcttP. As, 

tz%z>zb*m.wz. 

[00 17] ZZX\ Fe-P-X%%;'J>&m<r)MWz 
fcttS^ ^ U «y ^^ffi^H^ati ( 1 ) 5SC«k S . 

Xttfc*- X a s X^ftft- X a s XKftM ( O 

(1) 

[00 19] Mn»2$frg±0. 3 0 XVXh&Wt' 2 . 0 

xaTuasawtt. JW6tt*a«rdfc»Ko. 30- 

2. OXfcRJgU:. P, S, N, O^co^tHifift 
fttffiv«ir»4 L<, P«0. 0 2 5%tlT, S<± 
0. 0 1%WT, NJiO. 0060%1TF, 0(40. 0 
0 3 5%OTd®^§*ll.. UK, **&JRjW8«aESE 
»t F e - P - X»T«+ fcX «r«fflrcffl» 
■T*fc«>Ktts. oiiffiv^li^a* u< , stio. oo 

^50 5 %OT, Oti 0 . 0 0 2 0 %tlT*»*Jf £ Lv\ 
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(4) 

5 

[0 0 20] RE MlillDjgR EMMS' 1 p pmKLhSlft 
-fS£tf>K5ppmUltfcU 2 00ppmi@T'«i^4 

fc, 5-200ppmfc:|K5£U:. ft. REMIiLa, 

|>#. LaX<iCe£i)i&&;DnLTi*<^3yi£<£ 

[0021] YttHSYJI* 1 p pmOfciMW-**:*) 
C5pp mfclhfc L. 2 0 0 p p m«f UMSftlKi * 

jt^ajwwj^awassRettsit^afcftfc, 5-2 10 

OOppmOKJgLrt:. ZrtiBIi§Zra£lppmW 
±H«-tS7t*t= 5 P P mfcLLfc L. 2 0 0 p p mMX' 

fctf>{C, 5~20 0ppmtcR8^LJt. 
[0 0 2 2] ffl»REMttFe-P-REM3R?P5^ 

vmt<waizi?gRmm< t&iz 1 ppmtu^g 

X\ 5 0ppmjHTttREMKfl3BHCj:i#fl«tt*«l 
frpfcfcfc. l~5 0ppmtRBSUc. S^YJiFe 
- P - Y&X'P^mib c^CfflSftffltfiK fc*>K 

1 PPmJiLb^T', SOppmjB-CliY^tWctS 20 
ft#«tt£SB:3fc*>fc:. l~5 0ppm(c|ReLfc. 

[0 0 23] H»ZrttFe-P-Zr*TP9=Fie» 

t <r)mzmz.ftmt<®< tzMz 1 P P mv±bnmx\ 5 
oppmstiiz r mtmzz &%m&&m: 0 

fc. l~5 0ppmfcH5eUfc. (l)S(cJ:S*^£ 

ftv>am uw. ca.Ti.Ai *&*6*airt- 

[ 0 0 2 4 ] A 1 ti)BilLhaS=5r7C«-C-*>l»* { S i 30 
Uz±*,Xi>VmW'rtfrti&<r)Z\ X (feteR) OK 
fttBSjkLTfflSXS' 1 p p mBUb3»««t«ftf Sfc 
W;0. OlOXBLLfcU 0. 2 0%ffCUtfraEl*Hc 

0. 0 10-0. 2 0%£IK5£l-ft. CaliCaS (O 
xy su 1 ph i de &B&LXWX. («^- 

) s i p p mja±swa«nc««-r i fcftfc 0.00 

lxjajttu o. os^jS-ctt^aijfcisaK*^ 

IWSAIUOJKSRiBttSa* ? 0 . 0 0 1- 

0. 0 5%fcl«6U:. 40 
[0025] T i JiWOjffilllWCT i N £»fi£LTI]?§ 
X (*^«) £ 1 ppmJa±3c5eLTWW-6fc*>6: 
0. 0 0 5%ULhtL, 0. 0 8XfiTttTiCffaJt 
J:9»#»tt£»fir3fc*>fc, 0. 0 0 5-0. 0 8% 

P> ?'<i®1ftt (&K&tf<£&®tt^) 

a^&i^WiiEjcSIOffitCC u.Ni.Cr.M 
o.W,Nb > V > BW^Sfca&ftltl&ftLTgsflO 50 



#^8-1 93 24 0 

6 

thtK nmzznv&gm&z&n . 

[ 0 0 2 6 ] C u JiffifflSMt(6]±«fc<6C e q 1 
WfcLTC. Si. MnKBgSbTO. 0 5%W±Ss2JII 

$<xs*<, 2. o%mvimsm&imkLw>N i 
matfmt%ibti>iz®m.zm:otzMzo. o 

5-2. oxcitteLfc. N i ttffiiSISttrSjiO/ybC 
eqffi$£BWfcLTC. Si. MnfcUftl/CO. 0 
5%IiLh^JP$ixS* { . 10. Oj@T'l±-?-<0$S£#fi&Sl 
tSfcftfc, 0. 0 5-10. 0%tcR8^L/i. 
[ 0 0 2 7 ] C r ttfltAttfl-Lfc <fc *5MBI«*>fc*>, 

§ t> wmm^mn'mmi&tzMz 0.05 %ja± 
a&jDSft&a*, 10. o%mxnz<m%#ffitot&ti 

Mz. 0. 05-10. 0%CR£U:. Mofcy&Mi 

tfj^o. 0 5%y±mtetiz#> 2. o%mx-it*<?> 

fflktfmmtlMZ. 0. 0 5-2. OXfclRSL 
[0 0 28] W(i^'J-7^JSS:[S]±-tSt{iO. 0 5 

mbfcB-c. 3. o%@Tii-eco5&ft^»-ri.7ti6 

fc. 0. 0 5-3. OXlzmZLtl. Nbim%ft±R 

vm&mm<r>tzMz 0.005 %y±wfazti&#. 

0. 1 0%mX'li®m&. ffim&tfmhti&tzib 
£. 0. 0 0 5-0. 10%fcl»eLfc. 
[0029] V{±3ISl6)±&l^iaSlSO#tt|6|±Ofc 
WCO. 0 l%BLhaaiDSii***. 0. 4 0%j@T'J;i}8 

»tt. «a«tt*%&fl:^sfc«)fc. o. oi-o. 40 

J£[&Lh<9*:tf>£0. 0 0 5%ULhlS6nSft.S3&s. 0. 4 

o xmx^mmimtchtih tiwz . o. 005- 

0. 4 0XtH3eLfc. 

[0030] Bttftfc^gm<3iflS^ftK*$&$:7BR 
T. MAftttfi-bKJ: &5MWfiW>fc*>fc 3 p p mJJlh 

mnztiz, 3 o P P mjBT'laffiia&tttfsStt-f s fc 

ftfc. 3-30ppmK[S^LJt. BB§X (X : RE 

so. n. sa>£ ( i ) juzxiosmzti&wsxtfiE 
btchio\,z. v-9>vximwzmmLK<?m®wjg. 

h%<-®m?>mx'£i\ 

1 0 0 3 1 ] $ LfcStt*£aft 

-ri. i?aL?t*< a i . c a . t i mtnfema 

-$-h<nt>W& LCW. {B«!^tCJ3ttS S i +MnX{i:S 

i + Mn+A i (D-^iziimmmmh^zxii^ms 

A 1 . T i . CaO-ax«zaiiLii$r»L^mt. 
REM. Y. ZrO-aX«-atU:$r»-rSi:*^ 
^S^SS-fb^BiyiA 1 KJ: foifm&li 
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7 

10032] 

imw) m^nmmm^mi^t. a~f, k 
mmmx'h *) . g~ i jwhwj-c* * . b l < 

«2tc»lBLfcllW»B3IEtt«)»S-C* l 5. *fKHWF 

umm i idte Lfcii** 3 imm.m-h o . *« 

S. JtKWG. H. lim&MatitM&K* 

[ o o 3 3 ] *%*mwm^5tmm&m 

KJ:*5MBT**. BP*. *KttUtf|»«)S i . Mnt 

BWkLfcSi. MncOfiaaara£ff3kfct>fc:Al, 
Ti . Ca<0<ifgJte*£«£»U:&t::REMS:gS 

[0034] «2 fcWtWW»«*5%t. * 1 WEttO 
j^t^*<fi*^*03lMM^*S6-CjSi! 1 2 0 0 
mmW0^9^fcMiLfc8HC. 1 2 5 OTXHM&L 
TJ»K£DECJ:0 5OmmWfc:ffilES:ff-afc. *4>tt. 



5) 8^8-193240 

8 

^T9iaot» < j i S4*> mwmm ( j i S4 

*) -tf. KftMHiilA. B. GKI44 5 

0'CT4 5l^JSftMt£ffiM ( SR) MtW 

F, H~I(Cli4 8 0X:Tl 0 0 0l«B«afJSflBR 

*as (pwht) srfTot. 
[0035] in^iwiaMftff ofe»ii«*»4>aaR 

UfeWWrtJBV»TIMWi ( J I S4*) RV*mM 
KM® (WOL) fcffofc. ^2«tO*^»«4Jtl«8 
JDfcW^fcfcJtMWtBl ( AFATT) 36*1/2 
10 OTtffifttflWlT^SkktfcSi^O. 0 2 0XC 

PWHT*frofc^BIWc*lltt (Kiscc) t»fttl?» 
JBT***** ClfcfcJDAFA TT&tfK i sec $&* 

«, tt**iittt mwtmmm) ifaktizttfv 

20 fc 44 S i ^^^jgft^tgi: ^ 

4. 

[00363 
t*l] 
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( 6 ) ¥fffi¥8 -19 3 2 4 0 

9 10 
% SS fl © it ¥ fiic # (* : PPa , -e®f6 :HASS») 



m 


C 


S i 


Mn 


r 


o 
O 


U u 


IN 1 


u r 


MO 


Air 
W 


K1 K 

N D 


V 




A 


A OO 


A OA 

0. 24 


A OO 


AAA 


fine 
. UUb 
















* 


B 


0.18 


0.40 


1 CA 

1.50 


A1 C 

.015 


A AC 

.005 
















56 




A 1 C 

0. 15 


0.23 


t 1 A 

1. 10 


Al O 

.018 


AA A 






A 1 i 

0. 14 








Ail A 




D 


ft 19 


ft 


ft Q7 


ftIR 


ftft9 






ft <n 
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